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[1] Measurements of horizontal flux of sediment were performed over the period 1998–
2005 at different vegetated areas within the Jornada Long Term Ecological Research
site. Sediment trap samples were collected during successive nominal 3‐month periods at
15 sites: three independent sites at each of the five dominant plant/soil complexes
encountered in this part of the Chihuahuan desert (mesquite, creosote, tarbush, grama
grass, and playa grass). Mesquite vegetated areas have significantly higher sediment
fluxes than the four other plant/soil complexes. The other types of vegetation complexes
yield sediment fluxes that cannot be statistically distinguished from each other. An
analysis of the temporal variability of the sediment fluxes indicates that only the annual
sediment fluxes from mesquite sites are correlated with the annual occurrence of high
wind speeds. Examination of the vertical profile of the fluxes of sediment and the fast
response Sensit measurements confirms that a local saltation mechanism is responsible for
sediment fluxes measured at mesquite sites. However, the local saltation mechanism
cannot explain sediment fluxes measured on nonmesquite sites. Sediment fluxes at
nonmesquite sites are only rarely carried in from upwind sources. Additionally, our data
for sediment flux showed that off‐site (drifting in) flux of sediment cannot explain
the differences of mesquite and nonmesquite sediment fluxes. We suggest dust devils
to be the mechanism that causes sediment emissions at both nonmesquite and mesquite
lands, but their effect is trivial compared to the fluxes caused by mesoscale meteorological
winds at the mesquite sites.
Citation: Bergametti, G., and D. A. Gillette (2010), Aeolian sediment fluxes measured over various plant/soil complexes in the
Chihuahuan desert, J. Geophys. Res., 115, F03044, doi:10.1029/2009JF001543.
1. Introduction
[2] Arid regions are very sensitive to any change in cli-
matic conditions; Perlwitz et al. [2001] and Mahowald et al.
[2006] suggested that climate change could bring about
modification of surface characteristics, especially the vege-
tative type and cover. Changes in the surface characteristics
of the arid regions can directly affect the production,
transport, and deposition of dust and sediment by wind
[N’Tchayi et al., 1994]. However, few experiments dedi-
cated to long‐term monitoring of wind erosion have been
carried out in this type of environment [Bielders et al.,
2002], and many processes linking soil properties, vegeta-
tion characteristics, and aeolian sediment fluxes remain
poorly documented. The monitoring of vegetation, sediment
fluxes and meteorological parameters performed over a
multiyear period within the Jornada range in the Chihuahuan
desert (New Mexico, USA) offers a unique opportunity to
investigate such links.
[3] Past work at the Jornada Long Term Ecological
Research site (LTER) on aeolian sediment fluxes has been
concentrated on emissions from areas dominated by Pro-
sopis Glandulosa (honey mesquite) shrubs and from bare
(unvegetated) soils. Marticorena et al. [1997], Belnap and
Gillette [1998], and Gillette and Chen [1999, 2001] showed
that bare soil has a considerably lower threshold friction
velocity for wind erosion but that this threshold velocity is
variable in time because of changes of surface aggregate
cover of the soil as well as soil disturbance. For vegetated
surfaces, wind threshold friction velocities were lowest for
mesquite vegetation. All other vegetated surfaces were
observed to have higher wind threshold friction velocities
and were therefore considered to be more resistant to wind
erosion than are mesquite vegetated surfaces. Okin and
Gillette [2001, 2004], Gillette and Pitchford [2004], and
Gillette and Monger [2006] showed that mesquite vegetation
does not only provide enhanced wind erosion by a preferred
alignment of the unvegetated areas within predominantly
mesquite vegetated areas with the dominant direction of the
strongest winds. Gillette et al. [2006], Okin et al. [2006]
and McGlynn and Okin [2006] expanded on the idea of
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“mesquite streets” (areas of high wind erosion aligned
between elongated mesquite coppice dunes) that account for
strong sediment fluxes in the Jornada LTER area. Bowker
et al. [2006, 2007, 2008] used QUIC (Quick Urban and
Industrial Complex), a numerical air‐flow model, to show
that the flow and acceleration of wind down mesquite streets
is an aerodynamic response of the wind to the shapes of the
mesquite coppice dunes.
[4] In this paper, we analyze long‐term data of sediment
flux monitored at nonmesquite vegetated sites located in the
Jornada LTER area and compare the behavior of the sedi-
ment fluxes measured on those vegetated surfaces with
those measured on mesquite vegetated areas.
1.1. The Observations of Hutchinson and Warren
(1983)
[5] Hutchinson and Warren [1983] in their report on the
vegetation of the Jornada LTER study area and some
additional areas to the north of that area showed that
although a specific vegetative type might be found in almost
any of the soil/geomorphology types of the Jornada basin, a
vegetative type dominates in only one of three defined soil/
geomorphological types in the Jornada. These three soil/
geomorphological types are as follows:
[6] 1. Sandy uplands lie topographically higher than the
topographic minima (playas and river channels) but lower
than the steeper areas of mountain bajadas, which are allu-
vial fans.
[7] 2. Silty bottomlands lie topographically below the
sandy uplands, and the soil texture is finer than in the uplands.
[8] 3. Gravelly uplands are closer to sources of coarse‐
textured gravel from the mountains and occur mainly on
bajadas.
[9] The five most common vegetative types of the
Jornada LTER [Peters and Gibbens, 2006] are honey mes-
quite (Prosopis Glandulosa) (after this, mesquite), tarbush
(Flourensia Cernua), black grama grass (Bouteloua Eripoda)
(after this, grama grass), creosote bush (Larrea Tridentata)
(after this, creosote) and playa grasslands (after this, playa
grass). Fifteen net primary productivity (NPP) sites consti-
tuted of three individual sites for each of the five vegetative
types have been documented by biologists for net primary
productivity within the Jornada LTER [Huenneke et al.,
2002]. Locations of the individual NPP sites range from
32° 25′ to 32° 49′N and from 106° 30′ to 107° 00′W.
[10] Vegetative type and soil type are related in
Hutchinson and Warren’s [1983] study such that vegetative
types often flourish in one soil type but are not unique even
in areas where they predominate. We have taken their
observation as an assumption of our study; the sampled
vegetative types represent the specific soil/geomorphologi-
cal pairs in which one plant type is dominant but not unique
in the sites we have selected. Thus, we adopt the use of the
term plant/soil complex to express the grouping of plant
type, surface soil texture, and geomorphic setting. This
associates the aerodynamic properties of specific plants in
removing part of the incoming vertical momentum flux
from the wind, the physical properties, including crusting of
the surface soil that determine the threshold momentum flux
at which wind erosion starts, and geomorphic variables that
influence soil moisture and crusting.
1.2. Purpose of this Study
[11] The purpose of the study was to assess if there exist
groupings with regard to sediment emissions that can be
applied to nonmesquite vegetated arid land located in
southern New Mexico. Specifically, we sought to group
plant and soil descriptors for 3‐month periods that can be
used to predict sediment fluxes for sampling sites located
within a circle having approximately 20 km radius without
having to provide details about specific plant morphologies
or details of soil changes for short distances. To do this, we
assumed that all of the reporting sampling sites received
equal atmospheric precipitation and wind momentum fluxes
for each 3‐month sampling period. We also assumed that
differences in sediment fluxes for different desert plant
species are caused by differing protection of the soil surface
by plant cover, not by local differences of wind and/or
rainfall. Because plant type and soil texture were correlated,
these plant/soil complexes are called in the text by the name
of the dominant vegetation, i.e., mesquite, creosote, tarbush,
grama grass, and playa grass. We present in section 2 the
experimental methods used to monitor meteorological fac-
tors and sediment fluxes. In section 3, we perform a statis-
tical analysis to examine whether differences exist between
sediment fluxes measured (1) on mesquite and nonmesquite
sites and (2) between the different nonmesquite sites. In
section 4, we discuss the variability at different time scales
of both wind speed and sediment fluxes to examine how
they are linked. Finally, we discuss the vertical profile of the
sediment fluxes to evaluate how local saltation is contrib-
uting to the observed sediment fluxes.
2. Methods
2.1. The Study Area
[12] The Jornada LTER was chosen by the National
Science Foundation to represent an arid land ecosystem in
the southwestern USA. Details of the history of the site, its
regional setting and geological history are given in detail by
Huenneke and Schlesinger [2006] and by Monger et al.
[2006]. Climate of the Jornada LTER and its variation are
discussed by Wainwright [2006]. The Jornada LTER study
area is located in a “basin and range” area of the Chihuahuan
desert. The soils range from fine‐textured bottomlands to
rocky mountain slopes.
[13] The measurement of horizontal flux of sediment at
vegetated areas within the Jornada LTER began in 1999. In an
effort to meshwith existing and preexisting work, we chose to
locate our sediment flux samplers adjacent to existing 15NPP
sites that, as mentioned above, the Jornada LTER had been
continuously sampling for above‐ground vegetative primary
productivity for several years.
2.2. Description of the Sampling Sites
[14] The topography of the 15 sites is as follows: the three
“gravelly upland sites” were located on gentle slopes of a
“bajada” (gently sloping coarse‐grained material of Mount
Summerford’s alluvial fan). The mesquite sites and the grama
grass sites were all from “sandy upland sites” where the soil
textures were sandy, and, except for the G‐SUMM site, the
slopes were very low. Table 1 gives the site name, relative
topography, surface soil texture, and other information for
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the 15 NPP sites. More details concerning these 15 NPP sites
can be obtained from the web site of the Jornada LTER
(http://jornada‐www.nmsu.edu/).
[15] For each of our 15 NPP sites, there existed a mixture
of plants. For example, at a silty bottomland site, one could
find areas that had a dominance of tarbush. However, these
areas did not contain exclusively tarbush; for example, one
found grasses mixed with the tarbush. Nonetheless, tarbush
flourishes only in silty bottomlands. One could find mes-
quite bushes in locations other than sandy uplands where
they did not dominate. However, in sandy uplands, there are
many areas where mesquite bushes flourish. It was in sandy
uplands that mesquite had the strongest presence. Therefore,
in every one of our sampling sites with the name of a spe-
cific plant/soil complex, one could find other vegetative
types coexisting. At our experimental sites, the vegetative
type having the least dominating visible presence at its
named site was grama grass. At the creosote, mesquite,
tarbush, and playa grass sites, those named species were
more visually abundant.
[16] For a part of our study, we added to the original
15 NPP sites one nonmesquite site on which complementary
instrumentation was deployed: This site was named C‐DANA
(32° 45′ 26″ N and 106° 28′ 53″ W); C stands for “creosote
bush” and DANA stands for “Dona Ana”, the Dona Ana
exclosure area of the U.S. Department of Agriculture Jornada
Experimental Range. “Exclosure” refers to fencing off to not
allow any grazing animals within the exclosure. The surface
soil texture of this site was gravel mixed with sand, the
vegetation was dominantly creosote bush, and the geomor-
phology was gently sloping from nearby mountains. Its
geomorphology, vegetation, and soils were similar to the
other creosote sites.
[17] Finally, an additional site, representing a vegetation‐
free area of Hutchinson and Warren’s sandy uplands and
named the “scrape site” was also instrumented to document
sediment fluxes over a bare soil. The scrape site is a flat
hemispheric area 100 m long, denuded of vegetation, and
scraped flat in 1991. It has a similar surface texture with
nearly identical soil composition to the mesquite sites. The
minimum threshold wind friction velocity for the scrape site
was measured to be around 25 cm s−1 [Gillette and Chen,
2001].
[18] Figure 1 provides a map showing the location of the
different sampling sites and that of the LTERweather station.
Note that the six sampling locations, C‐GRAV, C‐CALI,
C‐SAND, G‐BASN, G‐SUM, P‐COLL, and C‐DANA, are
located in an area within 5 km downwind of a large moun-
tainous ridge that would be expected to protect this area
during high winds from the southwest (the dominant direc-
tion for high winds at the Jornada LTER). The remaining
sampling locations were located more than 5 km downwind
from sheltering mountains for strong SW winds.
2.3. Sediment Horizontal Mass Flux Measurements
2.3.1. Single Integrated Sediment Mass Flux
Measurements
[19] Our primary measurements are three‐month‐integrated
horizontal sediment fluxes measured using the BSNE (Big
Springs Number Eight) collectors that have been described
in detail by Fryrear [1986]. These collectors had extended
mouths that are turned into the wind by a large vane. This
allowed the particle‐laden wind to flow into collection
chambers; after the particles settled into the collection areas
of the chambers, the wind passed through large areas of fine‐
steel mesh. The sampling location selected for the sediment
flux collector at each of the 15 NPP sites was carefully chosen
to be the most suitable for obtaining relevant sediment flux
measurements. The main requirement of each sampling
location was (1) to be without direct and immediate distur-
bance by bushes or other obstacles, and (2) to have the closest
bush no more than about 1 m from the entrance of the col-
lector. Briefly, the masses of individual soil particle grains
coupled with the minimum wind velocities needed to deflate
the particles from the surface and make them airborne acted
to produce forward momentum of the particles. After becom-
ing airborne, the particles accelerated to approach but not
exceed air velocity. The design of the collection orifices and
passage of the air through the screens located on top of the
collection volumes allowed collection efficiencies close to
90% for the airborne soil particles. The orifices were set
at heights of 5, 10, 20, 50, and 100 cm. Careful calibration
allowed the calculation of horizontal flux into the five col-
lectors [Gillette and Chen, 2001]. The mass accumulations
obtained at the five heights were then integrated using the
formula of Shao and Raupach [1992]:
qðzÞ ¼ C0 exp C1zþ C2z2
 
; ð1Þ
where C0, C1, and C2 are fitted parameters. This form was
fitted to each five‐point profile by a least squares method and
then integrated vertically to calculate the vertically integrated
horizontal mass flux of a column of sediment moving in the
direction of the wind, having a width of 1 cm perpendicular to
the wind direction and a height of 1 m.
[20] The sampling periods for integrated horizontal mass
flux measurements at the 15 NPP sites are summarized in the
upper part of Table 2. The exact dates were recorded to
Table 1. The 15 Net Primary Productivity Sites, Relative Topog-
raphy, and Surface Soil Texture
Plant/Soil
Complex Site Name
Relative
Topography
Surface Soil
Texture Comment
Mesquite M‐NORT Flat Sandy “Streets”
M‐RABB Flat Sandy “Streets”
M‐WELL Flat Sandy Bare areas
Grama grass G‐IBPE Flat Sandy Some cactus
G‐COLL Flat Sandy
G‐SUMM Sloping Sandy Some cactus
Creosote C‐SAND Sloping Sand/gravel
C‐GRAV Sloping Gravel
C‐CALI Sloping Gravel Nearby rill
Tarbush T‐WEST Flat Silty‐clayey Grass between
T‐EAST Flat Silty‐clayey Grass between
T‐TAYL Flat Silty‐clayey Mixed vegetation
Playa grass
vegetation
P‐TOBO Flat Silty‐clayey
P‐COLL Flat Silty‐clayey Continuous
P‐SMAL Flat Silty‐clayey
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standardize the fluxes. Single‐site sampling was started for all
15 sites on 31 January 1998 and continued until 25 September
2005 for the 12 nonmesquite sites. The sampling period for
mesquite single‐site sampling was shorter (Table 2).
[21] To have a quantification of the sediment flux over a
surface characterized by a complete lack of vegetation, we
sampled at the “scrape site” from 7 February 1998 to 18
May 2003.
[22] The C‐DANA site operated from 22 November 2002
to 1 May 2004, i.e., a significantly shorter total time period
than that for the data from the other sites. This shorter period
made some comparisons possible, but not a full comparison
of the total time period during which nonmesquite and
mesquite sediment collector sites were compared.
2.3.2. Profile Parameter
[23] We used a method of evaluating locally produced
sediment from long‐range‐transported sediment on the basis
of the examination of the profiles of the sediment transport.
By taking the long‐term mass accumulation data for a spe-
cific height, i.e. mass/(area of mouth opening x time of
collection), we could also examine each of these long‐term
mass accumulations (m) to give a rough relative profile of
long‐term mass flux. We named each of the long‐term mass
accumulations at the five mean sampling heights: m(5), m(10),
m(20), m(50), and m(100). Our observations were that the m(50)
and m(100) were always much smaller than m(5), m(10), m(20).
In many cases, the accumulations at 50 cm and/or 100 cm
were too small to obtain a measurement. A simple linear fit
of the concentration versus height would constitute a linear
Figure 1. Map of vegetation at the Jornada LTER and location of the 15 NPP and C‐DANA sampling
sites. The first letter of each site indicates the dominant vegetation type: M = mesquite sites; C = creosote
sites; T = tarbush sites; P = playa sites; G = grama sites.
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regression of five variables so that estimation of the mean
and slope would have only 3 degrees of freedom. Because
m(50) and especially m(100) were our least reliable catches,
but would have the largest influence on the regressions, we
defined the profile parameter, PP, as the ratio (m(50) + m(100))/
(m(5) + m(10) + m(20))) to characterize the mean mass flux
density profiles at the Jornada LTER. We then used PP as a
description of the relative profiles of the mass fluxes of the
Jornada LTER aeolian sediment mass fluxes integrated over
approximately 3‐month periods of time.
2.3.3. Within‐Site Variability of Mass Flux
Measurements
[24] In 2005, to compare within‐site variability, three
more BSNE samplers were added to each nonmesquite NPP
site (except P‐SMAL). These additional samplers were
located to form a square having a length of 10 m, the first
corner of each square being taken by the original sampler.
Thus, whereas the original sampler at a site was chosen to
have the best possible position not to be obstructed in any
direction (see above), samplers 2, 3, and 4 were located on
the 10 m square not having any consideration with respect to
upwind vegetation. Four measurements of about 3 months’
duration each were made on these sites from 20 November
2005 to 27 September 2006. Only the last two sampling
periods (ending on 4 July 2006 and 27 September 2006)
correspond to complete sampling over all sites. During the
first sampling period (ending on 6 January 2006) and to a
lesser extent during the second sampling period (ending on
13 April 2006), some samples were not collected at some
sites because of unforeseen problems, most commonly the
samplers being stuck in one position and not rotating with
the wind direction. It was decided that the first sampling
period had too many sampler problems with poor data
capture to be representative. Thus, only data from the last
three 3‐month time periods are used in this paper.
[25] The variability of integrated horizontal flux within
the mesquite sites was suspected to be higher. As mentioned
above, inspection of these sites reveals long streets without
any vegetation and areas with dense mesquite bushes
developed into coppice bushes. On such sites, depending on
the position of the sediment collector, the measured sedi-
ment fluxes could differ significantly. The mesquite sites
were instrumented with 20 samplers at M‐NORT and 16 at
M‐RABB and M‐WELL where the 16 samplers were
located on a grid having 10 m spacing. When the collector
position coincided with fully ground‐covering vegetation,
no collector could be installed and the sediment flux was
assumed to be zero. The sampling period was from July
1998 to August 2002 for M‐NORT and M‐RABB and from
February 2000 to May 2003 for M‐WELL.
2.3.4. Fast Response Measurements of Onset
and Duration of Sediment Flux
[26] Secondary measurements of particle flux (and wind
velocities; see Section 2.4) were made at MNORT and
C‐DANA for the period October 2002 until September 2004.
This measurement used the fast‐response Sensit instrument
[Gillette and Pitchford, 2004]. The Sensit converts particle
impacts into electrical energy by a piezoelectric crystal.
Although this measurement, which is proportional to kinetic
energy flux of the particles striking the sensing surface of the
instrument, is not equivalent to a mass flux, it is nevertheless
a signal related to particle mass flux because the Sensit signal
increases with increasing mass flux. We used it as a signal of
the onset and duration of mass flux at our measurement sites.
Since the sensitive surface of the instrument is a 360° ring, it
responds to particle impacts from all wind directions. The
accumulated 10‐min response to impacting particles on the
sensitive surface was recorded with the 10‐min wind data by
a nearby wind‐recording station. As for BSNE, the locations
of the Sensit instruments were carefully selected to provide
measurements that are as representative as possible of the
sites.
2.4. Meteorological Data
[27] We used primarily the data of 2 m height wind speed
and wind direction provided by the Jornada LTER weather
station (latitude: 32° 31′ 17″ N; Longitude: 106° 47′ 50″ W).
The location of that meteorological station is close to that of
most of the 15 NPP sites (Figure 1). Additional wind
measurements were made at M‐NORT and C‐DANA. The
wind instrumentation used at these sites is extensively
described by Gillette et al. [2006]. Briefly, it consisted of
five NRG anemometers placed in a logarithmic progression
on a 15 m tower, two NRG wind vanes, placed at 2 m and
15 m heights, and two fast‐response thermometers placed at
2 m and 15 m heights. The instrumentation was powered by
solar energy panels and the data integrated over a 10 min
period were recorded using Blue Earth data modules. To
prevent overflowing of our data‐logging space, we sup-
pressed recording of data for wind speeds <5 m s−1.
3. Statistical Analyses of the Horizontal Flux
of Airborne Sediment
[28] During the period February 1998 to November 2002,
the sampling methodology remained the same for each site,
Table 2. Sampling Periods Corresponding to Measurements of Sediment Fluxes at NPP Sites
Primary sediment flux measurements
Single‐site NPP sampling at 12 nonmesquite sites 31 January 1998 to 25 September 2005
Single‐site at M‐NORT 31 January 1998 to 22 November 2002
Single‐site at M‐RABB 31 January 31 to 2 November 1999 and from 16 May 2002 to
25 September 2005
Single‐site at M‐WELL 31 January 1998 to 3 February 2000 and from 6 September 2003 to
25 September 2005
Additional sediment flux measurements
Sampling using a 10‐m grid of samplers at M‐NORT & M‐RABB 20 July 1998 to 20 August 2002
Single site replaced by 10‐m grid of samplers at M‐WELL 3 February 2000 to 9 May 2003
Sampling using a 10‐m grid of 4 samplers at non‐mesquite locations 6 January 2006 to 27 September 2006
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allowing a consistent comparison of the time series of
measured sediment fluxes. The following sections are
concerned with the statistical validity of how the data can be
used.
3.1. Statistical Procedure
[29] Analysis of variance (ANOVA) [Miller and Freund,
1977] is a powerful and easy method to determine whether
several groups of data can be considered as statistically
identical. In our case, it was used to show whether a q
(particle mass flux) from one plant/soil complex or site is
different from another. However, ANOVA may yield inac-
curate estimates of the probability value when each group of
data is far from being normally distributed. To satisfy the
normality conditions, we normalized these data by using a
log conversion. ANOVA also requires homoscedasticity,
i.e., homogeneity of variances. Thus we first checked the
normality of our data (sediment flux collected for each
NPP site over the whole period of sampling; samples for
which the measured sediment fluxes were zero were dis-
carded) by using the Kolmogorov‐Smirnov test. We con-
trolled the homogeneity of variances by using Levene’s test,
a test less sensitive than others to departures from normality
[Brown and Forsythe, 1974]. Since the conditions of nor-
mality and homogeneity of variances were fulfilled for these
data (confidence level of 95% for both), we performed
ANOVA and used Fischer’s least significant difference
method (LSD) to identify the groups of samples that can be
considered different from a statistical point of view. This
ANOVA was performed using Statgraphics Centurion soft-
ware [Polhemus, 2001].
3.2. Are Nonmesquite Vegetated Sites Different From
Mesquite Vegetated Sites With Respect To q and Are
Nonmesquite Sites Different From Each Other?
[30] The results obtained for paired samples are given in
Table 3. In this table, we have assigned a “Yes” when the
LSD method identifies a pair of sites as statistically different
and “No” for the opposite case. This table shows that the
sediment fluxes measured on mesquite sites (M‐NORT,
M‐RABB, and M‐WELL) were statistically different from
those measured on all nonmesquite sites. It also shows that
each nonmesquite site cannot be considered statistically
different from the other nonmesquite sites in terms of sed-
iment fluxes over the whole period of sampling. Concerning
the mesquite sites, we can also note that M‐NORT is con-
sidered different from M‐WELL and M‐RABB from a
statistical point of view.
[31] To give a more complete view of these results, a
cluster procedure analysis was performed to examine the
similarities between sites. Similarity is shown in cluster
analyses, a statistical analysis using the squared Euclidian
distance to measure the closeness between two observations.
An agglomerative hierarchical clustering method based on
the nearest neighbor is then used to place each observation
into a separate cluster. Clusters are then joined two at a time.
At each stage, the clusters joined are the pairs that are
closest together. Figure 2 illustrates the results of that cluster
procedure. We applied this approach to a set of data
corresponding to all sampling periods. The shape of the
dendogram (i.e., the hierarchical classification of differences
between sites) illustrates that the three mesquite sites clearly
differ from the other sites. It shows that the distance between
nonmesquite sites is small and suggests that nonmesquite
sites may be clustered together.
[32] We also performed a statistical analysis sampling
period by sampling period to identify whether there are spe-
cific periods during which the sediment fluxes are different
and other periods when they can be considered identical.
Again, to satisfy the normality conditions, we normalized the
data by using a log conversion. Only 2 of 24 periods of
sampling did not satisfy the normality test; these periods were
discarded. In the same way, for three periods of sampling, the
number of data points was too low (degrees of freedom
significantly less than 9). These three periods were also
removed from the statistical analysis. Consequently, this
analysis operated on 19 sampling periods. The results (not
shown) suggest that mesquite site q’s were identical to
nonmesquite sites for 6 of 19 remaining 3‐month periods.
These six periods mostly occurred during summer and early
fall, i.e., the periods during which the measured sediment
fluxes as well as wind velocities were the lowest. However,
during spring, the sediment fluxes measured on mesquite
sites were always considered by the statistical analysis to be
different from those measured on nonmesquite sites.
[33] On the basis of this testing, it can be concluded that
over the whole sampling period, the sediment fluxes mea-
sured on mesquite sites were statistically different from those
measured on nonmesquite sites. Additionally, the non-
mesquite sites cannot be statistically distinguished from each
other. Moreover, complementary analysis showed that dif-
ferences between q measured on mesquite and nonmesquite
plant/soil complexes are time dependent. More precisely, for
periods corresponding to high sediment flux (spring), the
mesquite plant/soil complex was always statistically differ-
ent from the four nonmesquite plant/soil complexes, whereas
it is not for periods during which low sediment fluxes were
measured (as in summer).
3.3. How Representative Are the Measured
Nonmesquite Sediment Fluxes?
[34] It is also interesting to explain how the sediment
fluxes measured on nonmesquite sites can be representative
of these sites. In fact, this can be explained by answering
two subquestions:
[35] 1. For a site classified as representing a given plant/
soil complex, what is the within‐site variability of sediment
fluxes?
[36] 2. Can individual sediment fluxes collected at dif-
ferent locations within one site characterized by a given
plant/soil complex type be considered representative of the
mean sediment flux over this type of site?
[37] As mentioned in section 2.3, three more BSNE
samplers were added on all of the nonmesquite NPP sites in
2005 and 2006. These samplers were located to form a
square having a length of 10 m for each site. We used these
data to compare the sediment fluxes collected on the three
sites (two only for the playa grass) for each of the four
different soil/plant complexes and for each sampling period.
[38] We used a similar statistical procedure as used in
section 3.2, except that for the nonmesquite sites, we did not
need to normalize the data because the original sediment
fluxes were normally distributed.
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[39] Table 4 shows that the probabilities associated with
the ANOVA F‐test are always significantly greater than
0.05, indicating that the means for the four different posi-
tions of the samplers inside each nonmesquite plant/soil
complex are not statistically different with a confidence
level of 95%. In other words, this means that the sediment
samples collected at any of the four positions on the three
(two for playa) NPP sites of each plant/soil complex lead to
statistically similar sediment fluxes. Moreover, the analysis
performed on all positions of a given plant/soil complex
(i.e., an analysis mixing both positions and NPP sites for a
plant/soil complex) leads to similar results. We additionally
performed an analysis based on the Fischer’s least significant
difference method to identify the groups of samples that can
be considered different from a statistical point of view. For
the nonmesquite sites, the results indicate that all NPP sites
and sampler locations statistically belong to the same group.
This statistical analysis suggests that the different sites for a
Table 3. Statistical Comparison of the Sediment Fluxes for Paired Sites for the Whole Period of Sampling
Difference +/– Limits Different Difference +/– Limits Different
M‐NORT – C‐GRAV 1.68 0.33 YES C‐GRAV – G‐SUMM −0.15 0.30 NO
M‐NORT – G‐BASN 1.59 0.34 YES C‐GRAV – P‐COLL −0.13 0.31 NO
M‐NORT – P‐TOBO 1.59 0.34 YES C‐GRAV – P‐SMAL −0.28 0.35 NO
M‐NORT – T‐WEST 1.56 0.33 YES C‐GRAV – P‐TOBO −0.09 0.30 NO
M‐NORT – P‐COLL 1.56 0.34 YES C‐GRAV – T‐EAST −0.26 0.30 NO
M‐NORT – T‐TAYL 1.53 0.33 YES C‐GRAV – T‐TAYL −0.15 0.30 NO
M‐NORT – G‐SUMM 1.53 0.34 YES C‐GRAV – T‐WEST −0.12 0.30 NO
M‐NORT – C‐CALI 1.47 0.33 YES C‐SAND – G‐BASN 0.20 0.30 NO
M‐NORT – G‐IPBE 1.43 0.33 YES C‐SAND – G‐IPBE 0.03 0.29 NO
M‐NORT – T‐EAST 1.42 0.33 YES C‐SAND – G‐SUMM 0.14 0.30 NO
M‐NORT – P‐SMAL 1.40 0.38 YES C‐SAND – P‐COLL 0.16 0.31 NO
M‐NORT – C‐SAND 1.41 0.33 YES C‐SAND – P‐SMAL 0.0001 0.35 NO
M‐RABB – C‐GRAV 1.18 0.33 YES C‐SAND – P‐TOBO 0.19 0.30 NO
M‐RABB – G‐BASN 1.09 0.33 YES C‐SAND – T‐EAST 0.02 0.30 NO
M‐RABB – P‐TOBO 1.10 0.33 YES C‐SAND – T‐TAYL 0.14 0.29 NO
M‐RABB – T‐WEST 1.06 0.33 YES C‐SAND – T‐WEST 0.17 0.30 NO
M‐RABB – P‐COLL 1.06 0.34 YES G‐BASN – G‐IPBE −0.17 0.30 NO
M‐RABB – T‐TAYL 1.03 0.33 YES G‐BASN – G‐SUMM −0.06 0.31 NO
M‐RABB – G‐SUMM 1.03 0.33 YES G‐BASN – P‐COLL −0.03 0.31 NO
M‐RABB – C‐CALI 0.97 0.33 YES G‐BASN – P‐SMAL −0.20 0.35 NO
M‐RABB – G‐IPBE 0.93 0.32 YES G‐BASN – P‐TOBO −0.01 0.31 NO
M‐RABB – T‐EAST 0.92 0.33 YES G‐BASN – T‐EAST −0.17 0.30 NO
M‐RABB – P‐SMAL 0.90 0.38 YES G‐BASN – T‐TAYL −0.06 0.30 NO
M‐RABB – C‐SAND 0.90 0.33 YES G‐BASN – T‐WEST −0.03 0.30 NO
M‐NORT – M‐WELL 0.84 0.39 YES G‐IPBE – G‐SUMM 0.10 0.30 NO
M‐WELL – C‐GRAV 0.84 0.36 YES G‐IPBE – P‐COLL 0.13 0.31 NO
M‐WELL – G‐BASN 0.75 0.36 YES G‐IPBE – P‐SMAL −0.03 0.35 NO
M‐WELL – P‐TOBO 0.75 0.36 YES G‐IPBE – P‐TOBO 0.16 0.30 NO
M‐WELL – T‐WEST 0.72 0.36 YES G‐IPBE – T‐EAST −0.01 0.29 NO
M‐WELL – P‐COLL 0.72 0.37 YES G‐IPBE – T‐TAYL 0.11 0.29 NO
M‐WELL – T‐TAYL 0.69 0.36 YES G‐IPBE – T‐WEST 0.14 0.29 NO
M‐WELL – G‐SUMM 0.69 0.36 YES G‐SUMM – P‐COLL 0.02 0.31 NO
M‐WELL – C‐CALI 0.63 0.36 YES G‐SUMM – P‐SMAL −0.14 0.35 NO
M‐WELL – G‐IPBE 0.58 0.35 YES G‐SUMM – P‐TOBO 0.06 0.31 NO
M‐WELL – T‐EAST 0.58 0.36 YES G‐SUMM – T‐EAST −0.11 0.30 NO
M‐WELL – P‐SMAL 0.55 0.40 YES G‐SUMM – T‐TAYL 0.002 0.30 NO
M‐WELL – C‐SAND 0.55 0.36 YES G‐SUMM – T‐WEST 0.03 0.30 NO
M‐NORT – M‐RABB 0.50 0.36 YES P‐COLL – P‐SMAL −0.16 0.36 NO
M‐RABB – M‐WELL 0.34 0.38 NO P‐COLL – P‐TOBO 0.03 0.31 NO
C‐CALI – C‐GRAV 0.21 0.30 NO P‐COLL – T‐EAST −0.13 0.31 NO
C‐CALI – C‐SAND −0.08 0.30 NO P‐COLL – T‐TAYL −0.02 0.31 NO
C‐CALI – G‐BASN 0.12 0.30 NO P‐COLL – T‐WEST 0.01 0.31 NO
C‐CALI – G‐IPBE −0.05 0.29 NO P‐SMAL – P‐TOBO 0.19 0.35 NO
C‐CALI – G‐SUMM 0.06 0.30 NO P‐SMAL – T‐EAST 0.02 0.35 NO
C‐CALI – P‐COLL 0.08 0.31 NO P‐SMAL – T‐TAYL 0.14 0.35 NO
C‐CALI – P‐SMAL −0.08 0.35 NO P‐SMAL – T‐WEST 0.17 0.35 NO
C‐CALI – P‐TOBO 0.12 0.30 NO P‐TOBO – T‐EAST −0.17 0.30 NO
C‐CALI – T‐EAST −0.05 0.30 NO P‐TOBO – T‐TAYL −0.06 0.30 NO
C‐CALI – T‐TAYL 0.06 0.30 NO P‐TOBO – T‐WEST −0.03 0.30 NO
C‐CALI – T‐WEST 0.09 0.30 NO T‐EAST – T‐TAYL 0.11 0.30 NO
C‐GRAV – C‐SAND −0.29 0.30 NO T‐EAST – T‐WEST 0.14 0.30 NO
C‐GRAV – G‐BASN −0.09 0.30 NO T‐TAYL – T‐WEST 0.03 0.30 NO
C‐GRAV – G‐IPBE −0.25 0.29 NO
The first column reports the couple of sites. The column “difference” reports the estimated difference for the paired means. The column “+/− limits”
gives the limit values for the test of similarity of the means. The column “different” indicates whether the paired means are or are not different from a
statistical point of view (see section 3.2).
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given plant/soil complex provide similar sediment fluxes for
distances of the order of 10 m.
[40] We also calculated the cumulative sediment fluxes
measured for each NPP site during the last two sampling
periods, i.e., when the number of samples was sufficient to
make relevant comparisons between sites. We observed
consistency between the sediment fluxes measured for the
different sites characterized by the same type of dominant
vegetation. Moreover, the sediment fluxes measured on the
different nonmesquite plant/soil complexes are very similar:
minimum 62 g cm−1 for the 3‐month sampling time for
creosote and maximum 95.2 g cm−1 for the 3‐month sam-
pling time for tarbush, i.e., only 33% different. This clearly
suggests that these four different types of nonmesquite
plant/soil complexes have similar sediment fluxes in this
environment.
[41] We examined the variability of the sediment fluxes
measured for mesquite sites from the grid. For this data set,
we were not able to normalize the data. Thus, we performed
a Kruskal‐Wallis test [Kruskal and Wallis, 1952], which is
the most commonly used test when the measurement variable
does not fulfill the requirement of normality. The Kruskal‐
Wallis test is a nonparametric analogue of ANOVA, and,
like most of the nonparametric tests, it is performed on
ranked data. The results were, as suspected, very different
for mesquite sites (Table 4) than those obtained for non-
mesquite sites. Indeed, the Kruskal‐Wallis test leads to very
low values of probabilities, indicating that there is no doubt
that the sediment fluxes measured on mesquite sites are
significantly dependent on the position of the collector.
4. Time Series Analysis of Sediment Flux
and Wind Data
4.1. Analysis of Wind Data With Respect to Sediment
Flux Data
[42] Considering that only high wind speeds are efficient
for wind erosion, we selected, from the data collected at
Jornada LTER Weather Station (for the period 1 January
1998 to 31 December 2004) only wind speeds greater than
8 m s−1. Examination of wind speed along with times during
which wind erosion was taking place showed that an
approximate threshold wind speed for a height of 3 m was
about 8 m s−1. Figure 3 reports the monthly occurrence (in
number of hours) of such high wind speeds over the con-
sidered period and their standard deviation (i.e., an indica-
tion of their interannual variability). This figure clearly
points out the existence of a seasonal cycle, the period of
maximum occurrence of high wind speeds corresponding to
spring (February, March, April, and May) and the period for
minimum occurring in summer and early fall (July, August,
September, and October). About 65% of the annual wind
speeds greater than 8 m s−1 occurred in spring, whereas less
than 10% are observed during summer.
Table 4. Statistical Analysis of the Sediment Fluxes Measured from Four Different Collectors Arranged in a Square
for Each Site and for Each Plant/Soil Complex
Deg of
Freedom Normality
Homogeneity
of variances F test Prob
Kruskal‐Wallis
Test Prob
C‐GRAV 12 Y Y 0.21 0.89
C‐CALI 12 Y Y 0.44 0.73
C‐SAND 16 Y Y 0.36 0.78
All creosote sites 46 Y Y 0.22 0.99
G‐BASN 15 Y Y 0.11 0.95
G‐IPBE 13 Y Y 0.37 0.77
G‐SUMM 10 Y Y 0.26 0.85
All grama sites 38 Y Y 0.62 0.79
T‐EAST 8 Y N 0.86 0.53
T‐TAYLOR 12 Y Y 0.52 0.68
T‐WEST 8 Y N 0.35 0.79
All tarbush sites 39 Y Y 0.41 0.94
P‐COLL 7 Y Y 0.19 0.9
P‐TOBO 12 Y Y 0.97 0.45
All playa sites 19 Y Y 0.47 0.83
M‐NORT 340 N Y 229 0
M‐WELL 312 N Y 72 1.9 10−9
M‐RABB 304 N Y 249 0
Figure 2. Dendogram of the cluster procedure for the 15
NPP sites.
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[43] However, the standard deviations for the monthly
values show strong interannual variability. The maximum is
always observed in spring and the minimum in summer;
however, the cycle is greater or smaller depending on the
year considered. For example, 1999 and 2003 were years
characterized by several high‐wind periods in spring while
2000 and 2004 were characterized by few high‐wind peri-
ods in the spring. However, during the summer period, the
occurrence of high wind speeds remains very low whatever
the year. The wind directions corresponding to wind speeds
greater than 8 m s−1 are consistently in the range 220–260°
and more than 90% of the wind directions corresponding to
wind speeds greater than 8 m s−1 are between 100° and
280°. Predominantly southerly directions (those between
90° to 270°) are observed mainly during the summer period
(in June, July, and August).
[44] These wind data clearly suggest that sediment fluxes
should be higher during spring and lower in the summer
period; there should be a significant interannual variability
of the sediment fluxes because the variability of the high
wind speeds is approximately a factor of two from year to
year.
4.2. Integrated Horizontal Sediment Fluxes
[45] Table 5 reports the averaged horizontal sediment
fluxes (g cm−1 d−1) for each plant/soil complex, i.e., the
average of the horizontal sediment fluxes measured for each
site belonging to the same dominant plant/soil complexes
(e.g., mesquite horizontal sediment flux corresponds to the
averaging of horizontal sediment fluxes for M‐NORT,
M‐RABB, and MWELL).
[46] The integrated horizontal flux for the mesquite plant/
soil complex is the highest (average of three mesquite sites,
5.8 g cm−1 d−1), whereas those observed for creosote, grama,
playa, and tarbush are about 20 times lower and almost equal
(between 0.23 and 0.26 g cm−1 d−1), indicating that the
sediment fluxes for nonmesquite locations are roughly the
same. As shown above, the variability of integrated hori-
zontal flux within the mesquite sites is high.
[47] Table 6 reports the comparison between the averaged
sediment fluxes derived from the grid samples and those
derived from the original single sampler. The sediment
fluxes derived from the mean of grids are lower compared
with those derived from the original single sampler (the ratio
is ∼2.8 for both M‐NORT and M‐RABB). This is explained
by the fact that for original mesquite sites, single samplers
were located in nonvegetated areas of large sediment pro-
duction; for gridded samplers, the samplers were located in
both vegetated and nonvegetated areas.
[48] Contrasting with the data from M‐NORT and
M‐RABB, the mean daily sediment fluxes are similar for
M‐WELL for both original single sampler and the mean of
grids. This is consistent with the fact that M‐WELL is
more homogeneous from the point of view of the mesquite
plant distribution and does not have any well‐developed
streets [Okin and Gillette, 2001].
4.3. Interannual Variability of Horizontal Sediment
Fluxes
[49] To examine the interannual variability of horizontal
sediment fluxes, we computed the averaged horizontal
sediment flux for each year. Since sampling did not start and
end at the beginning and end of a calendar year, we com-
puted annual sediment fluxes over periods ranging from
February to February. All years computed from this base
were not exactly equal to 365 days, owing to the different
dates for the starting and ending of sampling. Our yearly
comparisons are estimated from four collections each of
approximately 3 months’ duration. The sampled periods
have between 363 and 382 days, except for sampling year
2002, for which the number of days was 403. The annual
sediment fluxes were computed by dividing the horizontal
sediment mass collected by the catchers by the exact dura-
tion in days of our sampling time. Table 7 reports the results
of those calculations. It shows that the interannual vari-
ability does not differ too much by site and plant/soil
complexes: the coefficients of variation are between 32.9%
and 59.7%, suggesting that for the time interval of our
sampling, the horizontal sediment flux over the Jornada
Range does not vary by much more than a factor of 2 or 3
from year to year.
Figure 3. Monthly mean occurrence of wind speeds greater
than 8 m s−1 at Jornada LTER weather station and related
standard deviations (averaging over the period 1998–2004).
Table 5. Seasonal Integrated Horizontal Sediment Flux (g cm−1
d−1) for the Different Types of Plant/Soil Complexes
Creosote Grama Mesquite Playa Tarbush
Winter 0.06 0.06 3.89 0.06 0.05
Spring 0.21 0.15 13.26 0.21 0.15
Summer 0.43 0.48 2.09 0.29 0.44
Fall 0.33 0.29 1.63 0.32 0.29
Mean 0.26 0.24 5.79 0.24 0.23
Table 6. Comparison of Mean of Gridded (MOG) Samples
Versus a Single Sampler at the Three Mesquite Sitesa
MOG Single Sample
M‐NORT 3.45 9.55
M‐RABB 1.64 4.74
M‐WELL 1.04 1.29
aResults are Expressed in g cm−1 d−1.
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4.4. Seasonal Variations of the Sediment Fluxes
[50] Figure 4 clearly shows that there are seasonal varia-
tions of the sediment flux for all vegetated sites and bare
soil. For mesquite sites and bare soil, maxima occur during
the spring of each year, corresponding to the strongest
winds. The maxima of the mesquite time series is at least an
order of magnitude higher than the level of the nonmesquite
groups at the same time. However, the level of the mesquite
maxima is never as large as that for the bare soil. The
minima of the mesquite time series sometimes approach the
same magnitude as for the non mesquite vegetated sites.
[51] The nonmesquite vegetated sites seem to show a
similarity despite being different in biological composition.
We also observe that the maximum sediment fluxes for
nonmesquite vegetated sites occur systematically after the
maximum sediment fluxes for mesquite site and bare soil.
The mesquite sites exhibit a very well‐marked seasonal
pattern with a maximum in spring. The seasonal pattern is
completely different for tarbush, grama, and creosote, for
which the maximum occurs during summer. For the playas,
no clear seasonal pattern appears, although there appear to
be lower horizontal fluxes during the wintertime.
[52] Figure 5 shows the seasonal variation of the integrated
horizontal fluxes for each site. We observed that the seasonal
pattern is the same for all tarbush, creosote, and grama sites.
The playa sites, P‐COLL and P‐TOBO, have similar sea-
sonal patterns compared with the other nonmesquite sites
(i.e., maximum in summer), and only P‐SMAL behaves
differently, with a maximum in fall. This suggests that
playa sites are similar to other nonmesquite sites (except
P‐SMAL).
[53] The mesquite sites (M‐NORT, M‐RABB, and
M‐WELL) all have the same seasonal pattern (with a
maximum in spring) but the integrated horizontal fluxes are
very different in strength from one site to another. Clearly,
M‐NORT is the most productive site (about two times more
than M‐RABB), whereas M‐WELL exhibits values of the
integrated horizontal fluxes closer to a nonmesquite vege-
tation site than those observed for M‐NORT and M‐RABB.
[54] Thus, only the horizontal fluxes measured for mes-
quite plant/soil complex are correlated with the occurrence
of high wind speeds, suggesting local saltation as the main
process generating these sediment fluxes. For the non-
mesquite plant/soil complex (except P‐SMAL), the maxi-
mum of sediment fluxes is observed during summer, when
the frequency of occurrence of high wind speeds is the
lowest.
4.5. Could Differences in Wind Speed Explain the
Observed Differences Between Measured Sediment
Fluxes Over Mesquite and Nonmesquite Plant/Soil
Complexes?
[55] Obviously, the observed differences in sediment flux
patterns between mesquite and nonmesquite plant/soil
complexes could result in differences in wind strength
between sites. As shown in Figure 1, some sites (especially
the mesquite sites) are more distant than others from the
LTER weather station. As mentioned in section 2.4, we do
not have wind measurements for each of the 15 NPP sites,
but we have some for C‐DANA and M‐NORT representing
non‐mesquite‐ and mesquite‐vegetated sites. We decided to
compare the wind speed measured from the masts located at
these two sites to evaluate the potential differences in local
wind speed for the same time periods.
Table 7. Mean Horizontal Sediment Fluxes (g cm−1d −1) for the
15 Vegetated Sites at the Jornada LTER
Location 1999 2000 2001 2002 2003 2004 Mean Std
COV
(%)
C‐CALI 0.24 0.20 0.18 0.33 0.34 0.15 0.24 0.08 33
C‐GRAV 0.12 0.28 0.14 0.29 0.32 0.11 0.21 0.10 45
C‐SAND 0.41 0.26 0.22 0.30 0.46 0.26 0.32 0.09 30
G‐BASN 0.16 0.11 0.14 0.28 0.26 0.12 0.18 0.07 42
G‐IBPE 0.23 0.20 0.29 0.38 0.48 0.25 0.30 0.10 35
G‐SUMM 0.13 0.20 0.19 0.27 0.52 0.17 0.25 0.14 57
M‐NORT 14.19 10.64 4.50 10.31 7.59 9.46 3.62 38
M‐RABB 9.51 8.05 2.30 6.62 3.81 58
M‐WELL 2.02 1.33 0.52 1.29 0.75 58
P‐COLL 0.30 0.17 0.23 0.34 0.44 0.13 0.27 0.11 43
P‐SMAL 0.17 0.39 0.10 0.42 0.27 0.16 60
P‐TOBO 0.10 0.08 0.15 0.32 0.22 0.15 0.17 0.09 51
T‐EAST 0.17 0.22 0.13 0.32 0.41 0.22 0.25 0.10 42
T‐TAYLOR 0.16 0.17 0.15 0.34 0.35 0.20 0.23 0.09 41
T‐WEST 0.13 0.15 0.19 0.29 0.46 0.19 0.23 0.13 60
Figure 4. Horizontal mass fluxes (q’s) of sediment for each soil/plant complex and for bare soil for the
Jornada LTER for the period 1998–2002.
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[56] The heights of the wind speed measurement we used
were, respectively, 15.44 m at C‐DANA and 14.87 m at
M‐NORT. The data correspond to the date (day, hour,
minute) for which we have simultaneous measurements on
both sites for the period January 2003 to September 2004.
This period is similar to that for which Sensit data were
obtained at C‐DANA. There were 583 coincident data. Note
that these data were recorded only after a minimum wind
speed was exceeded (to conserve data‐logging space).
[57] Figure 6 shows that a quite strong relationship exists
between wind speeds measured at C‐DANA and at M‐
NORT. However, the data are significantly scattered, and
the slope of the regression line suggests that on average
wind speeds are ∼10% lower at C‐DANA compared to M‐
NORT. Especially, the highest wind speeds are systemati-
cally lower at C‐DANA than at M‐NORT (probably due to
a protecting effect of the mountains). Thus, we cannot argue
that the wind speed is strictly the same on both sites.
Figure 5. Seasonal integrated horizontal flux (g cm−1 d−1) for each plant/soil complex.
Figure 6. Comparison between coincident wind speed
measured at C‐DANA and M‐NORT.
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[58] Is the difference in wind speed between these two
sites sufficient to explain the different patterns of the sedi-
ment fluxes between mesquite and nonmesquite plant/soil
complexes? To answer this question, we report the Sensit
counts for both sites versus the wind speed and compare the
estimated threshold wind velocity for erosion at each site.
To do that, we used the measurements of wind speed (for
anemometers at C‐DANA and M‐NORT, at approximately
the same heights) for each site during the period October
2002–September 2004.
[59] M‐NORT (top of Figure 7) shows the classical
pattern of a site exhibiting a clear threshold wind velocity
for sediment transport. This threshold is estimated to be
∼10–13 m s−1. There are almost no Sensit counts recorded
for wind speed <10 m s−1 (in 91.3% of the cases
corresponding to the wind speed <10 m s−1 the Sensit did not
record counts). In contrast to that, for 99.6% of the cases
corresponding to wind speed greater than 13 m s−1, the Sensit
recorded counts and it always recorded counts >0 for wind
speed >13.6m s−1.
[60] At C‐DANA (Figure 7, bottom), the behavior is
different. The lack of relationship between Sensit counts and
the wind speed does not allow a wind threshold velocity
to be defined for that site. Indeed, few Sensit events are
recorded, and these events seem to be independent of the
wind speed. There are almost no Sensit events for high wind
speed (>13 m s−1). Only 10.7% of the Sensit recorded counts
occurred when the wind speed was >13 m s−1. Even when the
wind speed was >15 m s−1, the percentage of cases during
which the Sensit recorded counts remained low (21%).
Finally, there is about the same frequency for cases nonzero
Sensit recorded counts when the wind speed is >11 m s−1
(52%) than when it is <11 m s−1 (48%).
[61] The conclusion is that M‐NORT exhibits a classical
saltation pattern, with a clear wind threshold velocity, in
agreement with the extensive experimental and aerodynamic
modeling work reported by Gillette et al. [2006] and Bowker
et al. [2007], indicating that the dominant mechanism for the
M‐NORT site is local saltation. Conversely, C‐DANA does
not show any link between Sensit counts and wind speed,
and thus no saltation threshold can be determined for this
site. This strongly suggests that the difference in wind speed
between these two sites is not the main reason for the
observed difference in sediment flux events.
[62] When comparing events corresponding to high wind
speed (>13 m s−1), we observe systematic erosion occurring
Figure 7. Sensit counts vs. wind speed for M‐NORT and C‐DANA.
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at M‐NORT and almost no erosion at C‐DANA. For the
same wind speed, the behavior of the Sensit counts (and the
sediment fluxes) is different on the two sites. This difference
in sediment mobilization cannot be the result of the small
difference in wind speed. If C‐DANA has a wind threshold
velocity, it was not reached during the 21 months for which
we have wind measurements, and it is probably significantly
greater than 16 m s−1. Thus we can conclude that there is at
least a significant difference in threshold between the two
sites which can only be attributed to differences in the
surface properties (including vegetation).
5. Examination of Profiles of Sediment Transport
[63] With the above evidence that local saltation is not the
mechanism that can explain the flux of sediment at C‐DANA,
another candidate for explanation of the sediment fluxes is
wind‐borne transport of sediment from upwind sources. A
saltation source at the measurement site results in a strong
gradient of particle flux density with height [Gillette and
Chen, 1999]. However, if a particle source by local salta-
tion is stopped, the mass‐flux density gradient will become
less steep with height. This section examines BSNE data to
provide information on the mass flux density gradient with
the possibility of finding information about sediment flux
carried from upwind sources.
[64] In examining only the total horizontal mass flux of
sediment, one cannot easily determine whether one is get-
ting transport of sediment from sources upwind of the site or
whether all the captured material is from local sources.
Nonetheless, we can write the following model of q (the
total mass flux). This is a conceptual model that concerns
both local and long distance transport of sediment.
q ¼ qðlocally producedÞ þ qðtransported from upwind sourcesÞ
Such a model (if it could be evaluated) would probably add
additional information to our study of aeolian sediment
fluxes for nonmesquite vegetated areas. This is in spite of
the fact that we cannot detect any differences between the
total q between any of the nonmesquite vegetated areas of
the Jornada LTER area.
[65] Our method of evaluating locally produced sediment
from long‐range‐transported sediment is to use the ratio PP
defined in the section 2 for answering the following two
questions: (1) Is there a difference in PP by plant/soil
complexes? and (2) Do high PP’s represent an important
sediment transport mode?
5.1. Is There a Difference in PP by Plant/Soil
Complexes?
[66] For individual plant/soil complexes, we investigated
the profile parameter PP values for the full record of
available data for the original placements of the BSNE
collectors. We separated the data into three classes of plant/
soil complexes that consistently produced ranges for the PP
values that seemed to be distinct. The first class was mes-
quite vegetation that produced PP’s that never exceeded
0.07. Because of a shorter period of record, these data are
for a 2‐year period rather than the longer data period
available for the other vegetative classes. Figure 8a shows
that for mesquite plant/soil complex for all seasons,
including the windy season of spring, the PP values are
quite low, typical of local saltation‐dominated fluxes where
a very large portion of the horizontal mass flux is carried in
the lowest 20 cm from the ground. The second class of
Jornada soil/plant complex was playa grass. For this class,
PP values (see Figure 8b) showed that for some periods a
large fraction of mass was carried above 20 cm, but only
during the windy seasons. For these periods, the flux density
profiles were more similar to that of sediment in suspension
than it was during the nonwindy seasons where PP values
for playa grass were low, similar to those at the mesquite
sites and suggestive of a local saltation dominated profile.
Finally, a third class of PP (the other three plant/soil com-
plexes being the tarbush, creosote, and grama grass) was
intermediate PP values varying from high values that are
lower than the maximum values for playa grass during
Figure 8. Profile parameter versus sampling date for three
classes of Jornada LTER plant/soil complexes (a) mesquite,
(b) playa grass, (c) tarbush, creosote, and grama grass.
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windy season, but higher than those of the mesquite sites
(Figure 8c).
[67] The mesquite plant/soil complex consistently had low
PP values for all seasons of the year. During the windy
season, playa grass plant/soil complex often showed profiles
that were suggestive of transport from upwind. Creosote,
grama grass, and tarbush plant/soil complexes all showed
PP values that were small (similar to those for local salta-
tion) during the windy seasons. During nonwindy seasons,
all plant/soil complexes showed profiles that were similar to
those at the mesquite plant/soil complex.
5.2. Do High PP’s Represent an Important Sediment
Transport Mode?
[68] Some general statements may be made about the
PP’s versus horizontal sediment mass fluxes for the data
presented in Figure 9:
[69] 1. There are no occurrences in these data when
PP >0.2 for the mesquite plant/soil complex.
[70] 2. Playa grass sites exceeded a 3‐month mass flux of
50 g cm−1 only when the PP was <0.2.
[71] 3. The intermediate class of plant/soil complexes
(grama grass, tarbush, and creosote bush) showed a pattern
of producing the largest fluxes for those respective plant/soil
complexes during the nonwindy period when the PP was
<0.1.
[72] These data show that high PP values only occur
when there is relatively little sediment transport during the
period of collection. High PP values seem to be found only
for nonmesquite plant/soil complexes and, most likely,
playa grass areas. When PP values are high, little sediment
transport has usually taken place.
[73] In considering the possibility of sediment generated
at a vegetated site, it is useful to consider Figures 9a–9e,
Figure 9. Profile parameter versus the total three‐month mass flux of airborne sediment (grams per
centimeter width parallel to the wind and perpendicular to the ground). (A) mesquite, (B) tarbush,
(C) creosote, (D) grama, and (E) playa sites.
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which display mass flux (g cm−1 per nominal 3‐month
period). The figures show that high PP’s occurred most
strongly at playa grass sites and less strongly in nonmesquite
vegetated sites of grama grass, tarbush, and creosote bush.
We take the fact that we have found almost no data for
which PP >1 as evidence that external sources almost never
dominate sediment fluxes.
[74] After the first 2 years of the comparison, the original
locations of the mesquite sites were moved. Rather than
comparing mesquite data for the changed positions, we
stopped the comparison of mesquite with nonmesquite but
continued the comparisons for the nonmesquite sites. The
first 2 years of the data for the mesquite plant/soil complex
(Figure 9a) consistently show that the PP was always <0.07
and that when sediment fluxes were high, PP values were <0.04
and when mass fluxes were between zero and 1000 g cm−1
for the 3‐month sampling period, the PP was never >0.08.
These PP values show that a very great fraction of the
sediment flux was carried in heights <30 cm. This profile,
characteristic of local saltation, is typical of strong sediment
sources and sources that are associated with strong sand‐
blasting that cause production of fine airborne particles
[Gillette et al., 2006].
[75] The third type of profile was found at our playa grass
sites (Figure 9e). The playa grass is the vegetation that gives
the most continuous cover of the surface. For example, at
P‐COLL we have observed grass ∼50 cm tall that almost
completely hides the ground for much of the area of the site.
For playa grass sites, most of the PP’s are <0.2 and corre-
spond to nonwindy times. However, it is important to note
that when the total mass flux collected was >50 g cm−1 for
the 3‐month period of collection, the PP was always <0.2
and was mostly <0.1. For all the data shown in Figure 9e,
total mass flux for 3‐month periods the PP ranged from
almost 0 to >1; total mass fluxes for these sampling periods
were all <50 g cm−1 per 3‐month period. The low flux values
corresponding to low PP were for nonwindy periods when
there was very little sediment movement. The two periods
of time when fluxes of the order of 25 and 50 g cm−1 for
3 months corresponded to large PP values during the windy
season. We interpret these data as representing times when
suspended dust was carried to the playa grass from upwind
(nonlocal) sources.
[76] We interpret that the intermediate class of PP (for the
grama grass sites, tarbush sites, and the creosote bush sites)
is similar to the playa grass class. That is, both local salta-
tion‐like profiles and suspension‐like profiles are mixed
together in the 3‐month collection of sediment fluxes for the
intermediate class sites to give resultant profiles shown in
Figures 9b, 9c, and 9d.
[77] Figure 9d for grama grass shows that the highest
mass fluxes (>50 g cm−1 for a 3‐month collection period)
have PP values characteristic of local saltation profiles.
Thus, grama grass sites probably have periods of local sal-
tation‐type sediment movement. This is likely due to the
fact that this kind of grass occupies areas with some mes-
quite bushes and in some cases has similar ground cover as
the sparse and non‐coppice‐dune mesquite‐occupied areas.
[78] Since tarbush sites (Figure 9b) typically occupy
topographically low areas having fine‐textured soils that are
often observed having well‐developed soil crusts and bio-
logical crusts, one would expect that these sites would not
be high producers of sediment. However, the 3‐month
periods in which horizontal sediment mass fluxes exceed
40 g cm−1 at tarbush sites have PP values that are only
∼0.12 or less (characteristic of local saltation profiles).
The fraction of PP values >0.2 (interpreted as possibly
pointing to suspension origin) for tarbush vegetation points
to both saltation and suspension as influencing the fluxes that
are relatively small compared to those measured at the
mesquite sites.
[79] For creosote bushes (Figure 9c), fluxes that are >40 g
cm−1 per 3‐month period have low PP values, but several
examples can be found where fluxes greater than 40 g cm−1
per 3‐month period that suggest suspension (1 < PP < 1.5)
has measurably contributed to the mass flux. Most of the
large PP values correspond with the lowest mass fluxes
showing the possibility that suspended sediment is carried
from long distances to these sites.
[80] Figure 9a shows that the mesquite sites have low PP
values for every season of the year (<0.07) with the largest
of its low values in the springtime. However, by grouping
all the nonmesquite plant/soil complex together and plotting
PP versus mass flux for each season, the figure shows that
only in the windy season (spring) when mesquite sites are
producing large amounts of sediment (potentially upwind of
the nonmesquite plants) do the nonmesquite sites exhibit
larger PP values. In the fall and summer, the nonmesquite
PP values versus total mass flux are similar. The winter
season has a pattern intermediate between these two cases,
in agreement with the existence of some (but less frequently
than during spring) periods of high wind speeds.
5.3. Discussion
[81] Profiles of the sediment flux density were expressed
as PP, defined as the ratio of two sums of the mean flux
density (mass per centimeter per nominal 3‐month sampling
period) for the top two heights of the BSNE sampler (50 cm
and 100 cm) to that of the bottom three heights of the BSNE
sampler (5 cm, 10 cm, and 20 cm). The PP values for the
three mesquite sites are <0.08 for every one of the sampling
periods for which we had data. The three playa grass sites
gave PP values that were >0.2 for windy periods and >1 for
one particularly windy period in 1999. These high PP values
suggest suspended or depositing sediment rather than sedi-
ment moving by saltation. PP values for playa grass were
<0.1 during nonwindy periods. Finally, the other three plant/
soil complexes: grama grass, creosote bush, and tarbushes
also had low PP values during nonwindy periods but PP
>0.1 during windy periods. We called these PP values
intermediate, suggesting both the influences of a fraction of
the sediment being either suspended (carried from middle to
long distances) or deposited. After analyzing PP versus total
movement per 3‐month period, it was shown that large
sediment fluxes occurred only when PP was <0.2. Thus,
significant sediment transport occurred only by local salta-
tion‐dominated transport. Several instances were found that
some part of the 3‐month sediment fluxes of nonmesquite
vegetation could have been carried from long distances
during windy periods. However, PP values were <0.2 at the
playa grass when the 3‐month mass flux exceeded 50 g
cm−1 per 3 months and the largest mass fluxes for the other
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nonmesquite plant/soil complexes always occurred when the
PP was <0.1 (nonsuspension flux).
[82] Dust devils are possibly the mechanism that provides
a small summer maximum within the nonmesquite sites at
the Jornada LTER. Dust devils are short‐lived, thermally
driven atmospheric structures that usually spend less than
1 minute at any specific location on the ground [Gillette and
Sinclair, 1990]. During the short time of its occurrence,
horizontal and vertical wind speeds within the dust devil are
high enough to generate wind erosion and vigorous vertical
transport of dust. Dust devils occur during periods of strong
surface heating, most frequently in the summer (the season of
maximum sediment fluxes at nonmesquite sites). Simulta-
neous observations of wind friction velocities and Sensit
response to impacting particles at the ground level at the
C‐DANA and M‐NORT sites are strongly different. At
M‐NORT Gillette et al. [2006] have shown that local sal-
tation is the dominant mechanism of sediment production.
However, at C‐DANA, the highest wind speeds are only
occasionally coupled with sediment movement, and sedi-
ment movement occurs for much lower mean wind speeds
than observed at M‐NORT and occurs more in the summer
than in any other season. Additionally, the total number of
10‐minute periods at C‐DANA that the wind speed is above
10 m s−1 is about half of the total number of 10‐minute
periods at M‐NORT. At a minimum, our interpretation is that
local saltation is not the dominant mechanism for sediment
transport at C‐DANA. Dust devils have been observed at two
of our experimental sites during the summer periods (the
time of nonmesquite sediment flux maximum), one of the
sites being M‐NORT and the other being C‐CALI (DAG–
personal experience). All of the above evidence of the timing
of the maximum sediment transport season for nonmesquite
sites and the personal observation leads us to hypothesize
that dust devils are the probable mechanism for dust emis-
sions for nonmesquite sites during the summer and fall
seasons. However, because our experiment was not explic-
itly designed to test the effectiveness of the dust devil
mechanism in moving sediment, our data are less than ade-
quate to supply more than a reasonably possible explanation
of the summertime maximum of sediment movement at the
nonmesquite vegetated sites.
6. Concluding Remarks
[83] We investigated the pattern of aeolian erosion
occurring over the five dominant plant/soil complexes
encountered in the Jornada Basin for the period 1998–2005.
We first performed a statistical analysis to identify if
grouping of plant/soil complexes could justifiably be made
with respect to the associated sediment fluxes.
[84] We also examined whether there are in‐site differ-
ences in measured sediment fluxes for nonmesquite vege-
tated sites. For that, we used samples in a 10‐m spaced grid.
The results show that there is no significant difference
between sediment fluxes measured by the different collec-
tors located inside the same nonmesquite site. Moreover,
when examining the sediment fluxes measured for all sites
corresponding to the same type of vegetation, no statistical
difference can be made between these measurements. This
suggests that the sediment fluxes over the nonmesquite sites
are homogeneous. The results are the opposite for mesquite
sites, especially for M‐NORT and M‐WELL, the value of
the measured sediment fluxes being strongly dependent on
the location of the collector.
[85] The generation of sediment fluxes at the Jornada
LTER can be thought of as a system driven by the wind
forces and resisted by vegetation and soil properties. Since
the emphasis of this paper is for nonmesquite vegetation
(implicitly correlated with associated surface soil textures,
crusting and organic contents), which altogether resist the
forces of the winds, we can summarize both wind (driving
force) and vegetation‐soil properties that resist the wind as
follows: Wind speeds that cause sediment fluxes are, in
general, >8 m s−1 at a height of 3 m. High wind speeds are
maximum in late winter and spring and minimum in summer
and early fall. Ninety percent of the wind directions asso-
ciated with the high wind speeds range from 100° to 280°,
the sector 220°–280° being the more frequent. These
strongest winds occur predominantly during the springtime.
During summer, southeasterly directions (60°–180°) are the
most frequent. The combined resistance of the nonmesquite
plant/soil complexes and associated physical properties of
the soil associated with each plant/soil complex was similar
for all the nonmesquite plant/soil complexes. Measured
sediment fluxes for all nonmesquite vegetation were of the
order of 0.2–0.3 g m−1 d−1. These horizontal sediment fluxes
are ∼4–13 times lower than those observed over the mes-
quite sites.
[86] When one compares individual mesquite sites with
the nonmesquite sites, the mesquite site having the lowest
sediment flux (M‐WELL) has one obvious resemblance to
the nonmesquite sites: it does not have streets (bare patches
of soil aligned with the direction of the highest winds). The
difference in sediment flux at M‐WELL compared to
M‐NORT, which has developed streets is ∼1 g cm−1 d−1
(M‐WELL) compared to ∼10 g cm−1 d−1 (M‐NORT).
[87] We observed that only the mean horizontal fluxes of
sediment for mesquite sites are correlated to the annual
occurrence of high wind speeds. For the nonmesquite veg-
etation, no relation exists between the interannual variability
of the horizontal sediment fluxes and high wind speed. We
also observed that the seasonal variability of nonmesquite
sites differs from that of mesquite sites. The maximum of
horizontal sediment fluxes is observed in the spring for
mesquite while for the nonmesquite sites (except P‐SMAL),
the maximum of sediment fluxes is observed during sum-
mer. That is, the maximum for nonmesquite sites occurs
when the frequency of occurrence of high wind speeds is the
lowest.
[88] The evidence given in our paper shows that non-
mesquite sediment fluxes are not controlled by local salta-
tion. Two consequences of the saltation process, the
existence of a threshold velocity and the increase of sediment
flux above that velocity are not found for our nonmesquite
sites. Sediment fluxes at nonmesquite sites are not being
carried in from upwind sources except for a small number of
times. Therefore, another mechanism that includes a summer
maximum production of sediment must be invoked. We
suggest the possibility of dust devils to be that mechanism.
However, its effect is trivial compared to the fluxes caused
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by mesoscale (larger scale) meteorological winds at mesquite
sites.
[89] Acknowledgments. D. A. Gillette was supported during the
writing of that paper by a grant from Centre National de la Recherche
Scientifique (CNRS, France). CNRS also supported G. Bergametti for
travel through a CNRS‐NSF grant. Meteorological data sets from the
Jornada LTER weather station were provided by the Jornada Long‐Term
Ecological Research (LTER) project. Funding for these data was provided
by the U.S. National Science Foundation (grant DEB‐92‐40261). We
acknowledge A. L. Dutot for his helpful comments on the statistical part
of this manuscript.
References
Belnap, J., and D. A. Gillette (1998), Vulnerability of desert biological soil
crusts to wind erosion: The influences of crust development, soil texture,
and disturbance, J. Arid Environ., 39, 133–142.
Bielders, C. L., J. L. Rajot, and M. Amadou (2002), Transport of soil and
nutrients by wind in bush fallow land and traditionally managed culti-
vated fields in the Sahel, Geoderma, 109, 19–39.
Bowker, G. E., D. A. Gillette, G. Bergametti, and B. Marticorena (2006),
Modeling flow patterns in a small area in the northern Chihuahuan desert
using QUIC (Quick Urban and Industrial Complex), Env. Fluid Mech., 6,
359–384.
Bowker, G. E., D. A. Gillette, G. Bergametti, B. Marticorena, and D. Heist
(2007), Sand flux simulations at a small scale over a heterogeneous
mesquite area of the northern Chihuahuan Desert, J. Appl. Meteorol.
Climatol., 46, 1410–1422, doi:10.1175/JAM2537.1.
Bowker, G. E., D. A. Gillette, G. Bergametti, B. Marticorena, and D. K.
Heist (2008), Fine‐scale simulations of aeolian sediment dispersion in
a small area in the northern Chihuahuan Desert, J. Geophys. Res., 113,
F02S11, doi:10.1029/2007JF000748.
Brown, M. B., and A. B. Forsythe (1974), Robust tests for the equality of
variances, J. Am. Stat. Ass., 69, 364–367.
Fryrear, D. W. (1986), A field dust sampler, J. Soil Water Conserv., 41,
117–120.
Gillette, D. A., and P. V. Sinclair (1990), Estimation of suspension of alka-
line material by dust devils in the United States, Atmos. Environ., 24,
1135–1142.
Gillette, D. A., and W. Chen (1999), Size distributions of saltating grains:
An important variable in the production of suspended particles, Earth
Surf. Process. Landforms, 24, 449–462.
Gillette, D. A., and W. Chen (2001), Particle production and aeolian trans-
port from a “supply‐limited” source area in the Chihuahuan Desert,
United States, J. Geophys. Res., 106, 5267–5278, doi:10.1029/
2000JD900674.
Gillette, D. A., and A. Pitchford (2004), Sand flux in the northern Chihua-
huan Desert, NewMexico, USA and the influence of mesquite‐dominated
landscapes, J. Geophys. Res., 109, F04003, doi:10.1029/2003JF000031.
Gillette, D. A., and H. C. Monger (2006), Eolian processes on the Jornada
basin, in Structure and Function of a Chihuahuan Desert Ecosystem,
edited by K. M. Havstad, L. F. Huenneke, and W. H. Schlesinger,
pp. 189–210, Oxford University Press, New York.
Gillette, D. A., J. Herrick, and G. A. Herbert (2006), Wind characteristics
of mesquite streets in the northern Chihuahuan Desert, New Mexico,
USA, Env. Fluid Mech., 6, 241–275.
Huenneke, L. F., and W. H. Schlesinger (2006), Patterns of net primary
productivity, in Structure and Function of a Chihuahuan Desert Ecosys-
tem, edited by K. M. Havstad, L. F. Huenneke, and W. H. Schlesinger,
pp. 232–246, Oxford University Press, New York.
Huenneke, L. F., J. P. Anderson, M. Remmenga, and W. H. Schlesinger
(2002), Desertification alters patterns of aboveground net primary pro-
duction in Chihuahuan ecosystems, Global Change Biol., 8(3), 247–264.
Hutchinson, C. F., and P. L. Warren (1983), Environmental sampling for
monitoring rangeland condition, Final Report to the NASA Earth Sci.
Resources Laboratory, Contract No., 13‐172, 52 pp.
Kruskal, W. H., and W. A. Wallis (1952), Use of ranks in one‐criterion
variance analysis, J. Am. Statistic. Assoc., 47, 583–621.
Mahowald, N. M., D. R. Muhs, S. Levis, P. J. Rasch, M. Yoshioka,
C. S. Zender, and C. Luo (2006), Change in atmospheric mineral aero-
sols in response to climate: Last glacial period, preindustrial, modern,
and doubled carbon dioxide climates, J. Geophys. Res., 111, D10202,
doi:10.1029/2005JD006653.
Marticorena, B., G. Bergametti, D. Gillette, and J. Belnap (1997), Factors
controlling threshold friction velocity in semi‐arid and arid areas of the
United States, J. Geophys. Res., 102(D19), 23,277–23,287, doi:10.1029/
97JD01303.
McGlynn, I. O., and G. S. Okin (2006), Characterization of shrub distribu-
tion using high spatial resolution remote sensing: ecosystem implication
for a former Chihuahuan Desert grassland, Remote Sens. Env., 101,
554–566.
Miller, I., and J. E. Freund (1977), Probability and Statistics for Engineers,
Prentice Hall, Englewood Cliffs, N. J.
Monger, H. C., G. Mack, B. Nolen, and L. Gile (2006), Regional setting of
the Jornada Basin, in Structure and Function of a Chihuahuan Desert Eco-
system, edited by K. M. Havstad, L. F. Huenneke, and W. H. Schlesinger,
pp. 15–43, Oxford University Press, New York.
N’Tchayi, M. G., J. J. Bertrand, M. Legrand, and J. Baudet (1994), Tem-
poral and spatial variations of the atmospheric dust loading throughout
West Africa over the last thirty years, Ann. Geophys., 12, 265–273.
Okin, G. S., and D. A. Gillette (2001), Distribution of vegetation in wind‐
dominated landscapes: implications for wind erosion modeling and land-
scape processes, J. Geophys. Res., 106, 9673–9683, doi:10.1029/
2001JD900052.
Okin, G. S., and D. A. Gillette (2004), Modelling wind erosion and dust
emission on vegetated surfaces, in Spatial Modeling of the Terrestrial
Environment, chapter 7, edited by R. J. Kelly, N. A. Drake, and
S. L. Barr, pp. 137–156, Wiley, and Sons, Ltd., New‐York.
Okin, G. S., D. A. Gillette, and J. E. Herrick (2006), Multi‐scale controls
on and consequences of aeolian processes in landscape change in arid
and semi arid environments, J. Arid Env., 65, 253–275.
Perlwitz, J., I. Tegen, and R. L. Miller (2001), Interactive soil dust aerosol
model in the GISS GCM: 1. Sensitivity of the soil dust cycle to radiative
properties of soil dust aerosols, J. Geophys. Res., 106, 18,167–18,192,
doi:10.1029/2000JD900668.
Peters, D. P. C., and R. P. Gibbens (2006), Plant Communities in the
Jornada Basin: the dynamic landscape in Structure and Function of
a Chihuahuan Desert Ecosystem, edited by K. M. Havstad, L. F.
Huenneke, and W. H. Schlesinger, pp. 211–231, Oxford University
Press, New York.
Polhemus, N. W. (2001), Statistical Analysis Using Statgraphics Plus
Volume 1: Basic Statistical Methods, 379 pp., Stat Point, Englewood
Cliffs, N. J.
Shao, Y., and M. R. Raupach (1992), The overshoot and equilibrium of
saltation, J. Geophys. Res., 97(D18), 20,559–20,564, doi:10.1029/
92JD02011.
Wainwright, J. (2006), Climate and Climatological variations in the
Jornada Basin, in Structure and Function of a Chihuahuan Desert Eco-
system, edited by K. M. Havstad, L. F. Huenneke, and W. H. Schlesinger,
pp. 44–86, Oxford University Press, New York.
G. Bergametti and D. A. Gillette, Laboratoire Interuniversitaire des
Systèmes Atmosphériques, UMR CNRS 7583 Universities Paris Diderot
and Paris Est, Créteil, F‐94010, France. (bergametti@lisa.univ‐paris12.fr)
BERGAMETTI AND GILLETTE: AEOLIAN SEDIMENT FLUXES F03044F03044
17 of 17
